We present emission-line flux distributions and ratios for the inner ≈ 200 pc of the narrow-line region of the Seyfert 2 galaxy NGC 1068, using observations obtained with the Gemini Near-infrared Integral Field Spectrograph (NIFS) in the J, H and K bands at a spatial resolution of ≈ 10 pc and spectral resolution of ≈ 5300. The molecular gas emission -traced by the K-band H 2 emission lines -outlines an offcentered circumnuclear ring with a radius of ≈ 100 pc showing thermal excitation. The ionized gas emission lines show flux distributions mostly outlining the previously known [O iii]λ5007 ionization bicone. But while the flux distributions in the H i and He ii emission lines are very similar to that observed in [O iii], the flux distribution in the [Fe ii] emission lines is more extended and broader than a cone close to the nucleus, showing a "double bowl" or 'hourglass" structure". This difference is attributed to the fact that the [Fe ii] emission, besides coming from the fully ionized region, comes also from the more extended partially ionized regions, in gas excited mainly by X-rays from the active galactic nucleus. A contribution to the [Fe ii] emission from shocks along the bicone axis to NE and SW of the nucleus is also supported by the enhancement of the [Fe ii](1.2570 µm)/[P ii](1.1885 µm) and [Fe ii](1.2570 µm)/Paβ emission-line ratios at these locations and is attributed to the interaction of the radio jet with the NLR. The mass of ionized gas in the inner 200 pc of NGC 1068 is M H II ≈ 2.2 × 10 4 M , while the mass of the H 2 emitting gas is only M H2 ≈ 29 M . Taking into account the dominant contribution of the cold molecular gas, we obtain an estimate of the total molecular gas mass of M cold ≈ 2 × 10 7 M .
INTRODUCTION
NGC 1068 is the brightest and most studied Seyfert 2 galaxy, being considered the prototype of this class, after the discovery of a Seyfert 1 spectrum in polarized light (Antonucci & Miller 1985) , what led to the proposition of the Unified Model for Active Galactic Nuclei (hereafter AGN) (Antonucci 1993) . Hundreds of papers have been published on its properties, obtained from data spanning the electromagnetic spectrum from X-rays to radio wavelengths. The mass of the super-massive black hole in the nucleus of NGC 1068 is M• = 8.6 ± 0.6 × 10 6 M as obtained from the keplerian motions of water maser clouds in a disk surrounding the nucleus (Lodato & Bertin 2003; Kormendy, Bender & Cornell 2011) .
Optical narrow-band images of the Narrow Line Region (NLR), obtained with ground based telescopes as well as with the Hubble Space Telescope (HST), revealed an approximately cone-shaped structure with an opening angle of ≈ 65
• and oriented along the position angle (hereafter PA) 15
• (e.g. Pogge 1988; Evans et al. 1991; Macchetto et al. 1994 ). The HST narrow-band [O iii] λ5007Å image of the NLR shows several knots and filaments of enhanced emission (e.g. Evans et al. 1991; Macchetto et al. 1994; Cecil et al. 2002) . In radio wavelengths, NGC 1068 shows a kiloparsecscale radio jet, with the brightest structure being a compact bent nuclear radio jet, less than 1 in extent , and references therein). Although the jet leaves the nucleus at PA ≈ 15
• , the jet is deflected at the so-called cloud C1 to PA ≈ 30
• . Gallimore et al. (2004) has shown that the nuclear source (known as component S1 in the compact radio jet) is extended and aligned perpendicularly to the radio jet. Gas kinematics obtained from long-slit HST STIS spectra reveals outflows along the [O iii] bicone, with a kinematical axis aligned with the compact nuclear radio source at PA ≈ 30
• (Das et al. 2006 (Das et al. , 2007 . Optical integral field spectroscopy (IFS) of the central 10 of NGC 1068 obtained with the Gemini Multi-object Spectrograph (GMOS) at the Gemini-North telescope shows a complex flux distribution for the [O iii] and Hβ emitting gas, with some components associated to the bi-conical outflow, but with others attributed to high-velocity clouds and disk-like structures orbiting around the nucleus (Gerssen et al. 2006 ).
In the near-infrared (hereafter near-IR), Müller Sánchez et al. (2009) using the Spectrograph for Integral Field Observations in the Near Infrared (SINFONI) at the Very Large Telescope (VLT), at an angular resolution of 0. 075, found that the molecular hydrogen H2 is distributed in a ring-like structure surrounding the nucleus of the galaxy, similar to that observed in CO emission in the radio (e.g. Schinnerer et al. 2000) . In the inner 0. 4, Müller Sánchez et al. (2009) found non-circular motions concluding that the H2 gas streams toward the nucleus on highly elliptical or parabolic trajectories in the plane of the galaxy, estimating a mass inflow rate of ≈15 M yr −1 (Müller Sánchez et al. 2009 ). Although the NLR of NGC 1068 has been the subject of many studies, most of them are in the optical. We explore here the NLR properties observed in the near-IR, where we can probe distinct regions from those probed by optical observations, in particular regions with higher dust extinction. In addition, due to its proximity, we can probe the properties of the NLR down to a scale of 8 pc with the Gemini instrument Near-infrared Integral Field Spectrograph (NIFS) used with the adaptive optics module ALTAIR. We use these observations to map the near-IR emitting gas distribution, excitation and extinction of the inner ≈ 200 pc of NGC 1068. The origin of the coronal line emission has already been discussed in Mazzalay et al. (2013b) using the same data presented here and we thus focus only in the properties of the low-ionization and molecular gas. The gas kinematics is discussed in Barbosa et al. (2014) , while the stellar population and kinematics has been presented in Storchi-Bergmann et al. (2012) . Two of the strongest emission lines in the near-IR which we particularly explore are the [Fe ii]λ1.644µm and H2λ2.12µm, as they probe regions that are not probed in the optical. The [Fe II] originates in partial ionized zones, and can be present in regions where there is no H + emission; it is also sensitive to shocks and traces regions of high temperature (T≈ 15000K). The H2 emission probes the molecular gas, which originates in regions of much lower temperature (2000K) than those of the ionized gas.
This paper is part of a large project in which our group AGNIFS (for Active Galactic Nuclei Integral Field Spectroscopy) is mapping the gas excitation and kinematics, as well as the stellar population and kinematics of the inner kiloparsec of active galaxies with IFS (e.g. Fathi et al. 2006; Storchi-Bergmann et al. 2007 . We adopt a distance to NGC 1068 of 14.4 Mpc, for which 1 corresponds to 70 pc at the galaxy (for z = 0.003793 and H0 = 75 km s −1 Mpc −1 ). This paper is organized as follows. In section 2 we describe the observations and data reduction. In section 3 we present the results, which include emission-line flux and lineratio maps for the near-IR emission lines. In section 3 we derive physical parameters for the NLR and discuss the origin of the [Fe ii] and H2 emission. The conclusions of this work are presented in Section 5.
OBSERVATIONS AND DATA REDUCTION
The spectroscopic data consists of a number of data cubes in the near-IR bands, obtained at the Gemini North telescope, with the Near Infrared Integral Field Spectrometer (hereafter NIFS), described in McGregor et al. (2003) , operating with the ALTAIR adaptive optics module. NIFS has a square field of view of ≈ 3 × 3 , divided into 29 slitlets, each of which is sampled by 69 detector pixels (along each slitlet). Each single slitlet is 0.103 wide and each detecting pixel measures 0.044 (spatial sampling). ALTAIR was used in its Natural Guide Star mode and the wave front sensor was fed with optical light from the nucleus of NGC 1068.
The data were obtained on the nights of November 26, December 03 and 09, 2008, and covered the standard J, H, K spectral bands at two-pixel resolving powers of 6040 for the J band and 5290 for the other bands. This resulted in an effective wavelength coverage of 1.15-1.34 µm, 1.48-1.79 µm, 1.93-2.34 µm, respectively. Additional spectra were obtained at the K long setting of the K grating. This covers the wavelength range 2.11-2.52 µm, which includes the Q-branch H2 emission lines.
Dithering was used in the observations in order to cover a field-of-view (hereafter FOV) of ≈ 5 × 5 . Fig.  1 shows this field-of-view on top of an HST F606W image of NGC 1068 obtained with the Planetary Camera. The insert shows the intensity distribution in the [O iii]λ5007 emission line, from Schmitt et al. (2003) , with 6 contours overplotted, within the FOV of our observations. The white dotted line shows the orientation of the photometric major axis of the outer disk, at PA= 80
• ±5
• (Emsellem et al. 2006) , which is also consistent with the stellar kinematic major-axis within our FOV (Storchi-Bergmann et al. 2012) , with the near and far sides of the galaxy disk indicated. The final spatial coverage of the data cubes were slightly different in each spectral band depending on the dithering process: 49 × 118 pixels in the J band, 50 × 117 pixels in the H band, Ks was 49 × 118 pixels in the Ks band and 50 × 118 pixels in the K l band.
The instrument was set to a position angle of 300
• , resulting in a finer spatial sampling perpendicular to the ionization cone.The full width at half maximum (FWHM) of the spatial profile of the telluric standard star is 0. 11 ± 0. 02 in the H and K bands, corresponding to ≈ 8 pc at the galaxy, while in the J band it is larger, 0. 14 ± 0. 02, corresponding to ≈ 10 pc at the galaxy.
The data reduction followed standard procedures and was accomplished using tasks from the nifs package -which is part of the gemini iraf package, as well as generic iraf tasks. The reduction included trimming of the images, flatfielding, sky subtraction, wavelength and s-distortion calibrations, and remotion of the telluric absorptions. The flux calibration was done by interpolating a black body function to the spectrum of the telluric standard star. The individual data cubes in each band were then median combined to a single data cube. More details on the data reduction process can be found in Storchi-Bergmann et al. (2012) . The final data cubes contain ≈ 5800 spectra, with each spectrum corresponding to 0. 103 × 0. 044 in the sky, and 8×3.4 pc 2 at the galaxy. The entire field of ≈ 5 × 5 covered by the observations corresponds to a region of ≈ 400 pc × 400 pc at the galaxy.
RESULTS
In Fig. 2 we present sample spectra extracted from 0. 3 × 0. 3 apertures, centered at the three positions shown in Fig. 1 : (A) the continuum peak, which was adopted as the position of the nucleus; (B) the position where [Fe ii] λ1.257µm emission line reaches its maximum intensity at 0. 55 northeast from the nucleus; and (C) the position where the H2 λ2.1218µm emission line reaches its maximum intensity at 1. 2 south-east from the nucleus. The main emission lines seen in the J, H and K bands are identified and labeled in the spectra. The strongest emission lines of the J band are identified in the top-left panel, while in the middle central panel we identify the strongest H-band emission lines and in the bottom-right panel the strongest K-band lines. The top central and right panels show the strong red continuum present in the H and K band nuclear spectra, attributed to the nuclear (torus) dust component, discussed in StorchiBergmann et al. (2012) . In the extra-nuclear spectra shown in the middle and bottom panels, the continuum is much flatter and even blue in the case of the position C, where we have found the presence of young stars in Storchi-Bergmann et al. (2012) .
In Table 1 we list the flux of the emission lines we could measure in the integrated spectra from positions A, B and C in Fig. 1 . They were obtained by integrating the flux under each emission line profile after the subtraction of the underlying continuum contribution, which was determined by a linear fit (least-squares fitting) to the observed continuum in spectral windows adjacent to each emission line. In the case of blended lines, we defined a common adjacent continuum and fitted multiple gaussians. The fluxes are presented in units of 10 −15 erg cm −2 s −1 and the listed errors are due to the uncertainty associated to the fitting procedure.
Emission-line flux distributions
We obtained emission-line flux distributions by integrating the flux of each emission line over the whole FOV, after subtraction of the underlying continuum contribution. In Figure 3 and 4 we present these maps for the emission lines with the highest signal-to-noise (S/N) ratio among their species: Schmitt et al. (2003) . In these maps, we masked regions with fluxes smaller than the standard deviation obtained from the average "fluxes" of regions devoid of emission.
The [P ii] (1.189µm) flux distribution is more extended to the NE, where it reaches up to 2. 0 from the nucleus, while to the opposite side (SW) there is no emission farther than 1. 0 from the nucleus. The brightest region is located at 0. 5 N from the nucleus. The [S ix] (1.252µm) flux distribution presents a very similar morphology to that of [P ii], but the brightest region is closer to the nucleus, at 0. 2 N.
Although the [Fe ii] (1.257µm) and [Fe ii] (1.644µm) flux distributions are similar to each other (as they should be), there is "less definition" in the former when compared to the latter due to the fact that the image quality is inferior in the J band when compared to that in the H band (PSF width of 0. 14 vs. 0. 11): much less details are seen in the [Fe ii] (1.257µm) than in the [Fe ii] (1.644µm) flux distribution. On the basis of the latter, the [Fe ii] flux distribution can be described as having a bi-polar "bowl" or hourglass morphology, oriented along NE-SW. This morphology is "broader" at the apex (nucleus) than the shape of the NLR in the He ii 8 − 23 2.59 ± 0.37 0.47 ± 0.06 0.33 ± 0.06
He
He ii 8 − 21 -0.13 ± 0.08 0.24 ± 0.06 1.7147
He ii 8 − 20 -0.18 ± 0.06 0.21 ± 0.04 1.7367 H i Br10 4 − 10 -1.99 ± 0.06 0.17 ± 0.04 1.7454
1.09 ± 0.76 0.61 ± 0.08 1.55 ± 0.10 1.9439
He Li
He ii 7 − 10 -0.57 ± 0.04 -2.2233
He ii 10 − 35 -19.34 ± 1.25 2.95 ± 0.15 2.4817
32.41 ± 1.39 0.20 ± 0.12 *: Paβ and Brγ lines seem to have a broad component, although narrower than that seen in the optical polarized spectra, and may just be the result of the blend of several components. The flux distribution of the molecular gas H2 (λ2.1218 µm) is completely distinct from that of the ionized gas, being distributed in a circumnuclear ring with a diameter of ≈ 150pc (2. 0). Although this ring is circumnuclear, it is not centered at the nucleus. The center of the ring is displaced towards a small knot of H2 emission observed at 0. 8 SW of the nucleus. All the remainder H2 emission lines present in the K-band spectra show similar flux distributions.
The coronal lines flux distributions were already shown and discussed by Mazzalay et al. (2013b) using the same NIFS data presented here. We only show again the [S ix] (1.2523µm) and [Si vi] (1.965 µm) flux distributions for the purpose of comparing them with those for the low-ionization and molecular gas. Their flux distributions are very similar to those of Paβ and Brγ.
Emission-line ratio maps
We have used the flux distributions to create the following line-ratio maps:
.257/Paβ, H22.248/2.122 and H22.1218/Brγ. These maps are shown in Fig. 5 together with reddening E(B − V ) maps derived from the Brγ/Paβ and [Fe ii]λ1.257/1.644 ratios. These ratios can be used to investigate the excitation mechanisms of the H2 and [Fe ii] near-IR emission lines and to map the extinction in the NLR. As for the case of the flux distribution maps, we have masked regions where the S/N ratio was not high enough to fit the emission-line profiles and excluded these regions from the ratio maps.
In order to compute ratios between lines from H or K band and the those from the J band, we have convolved the best resolution images -from the H and K bands -with a Gaussian kernel with σ equivalent to 0. 3 × 0. 3 [5 pixels along the slitlets (y) × 2 pixels across slitlets (x)]. In order to avoid infinities, we have masked out from the ratio maps any pixel for which the flux was smaller than the standard deviation of the flux in a region devoid of emission ("sky").
In the top-left panel of 
DISCUSSION

Emission-Line Profiles
The emission-line profiles over most of the observed fieldof-view are complex, presenting double or multiple components originated in gas with distinct kinematics. These complex profiles can be seen in a task beyond the scope of this paper. A detailed analysis of the gas kinematics is presented in a companion paper (Barbosa et al. 2014) . In the present paper, we do not separate the different kinematic components and use instead the total flux in the lines to map the average extinction and gas excitation.
At the nucleus and surrounding regions, the Paβ and Brγ emission-line profiles present a broad "base" that could be interpreted as coming from the broad line region (BLR). In the case of Paβ, we could fit a narrow and a broad component with FWHM≈1500 km s −1 and a full width at zero intensity -FWZI≈4700 km s −1 ; could this come from the BLR? The BLR in NGC 1068 was observed for the first time in polarized light (e.g. Antonucci & Miller 1985; Simpson et al. 2002) , with the emission lines showing FWZI≈7500 km s −1 and attributed to emission from the BLR scattered towards the observer. This width is approximately twice the value we measure for the broad base of the nuclear Paβ emission line. This fact, combined with the observation that as one moves away from the nucleus the profile approximately keeps its width but shows more clearly separate kinematic components, suggests that the broad component we observe in Paβ is actually a superposition of two or more kinematic components of the NLR gas, instead of from gas of the BLR. This is also supported by the presence of multiple components in the Paβ profile at the position B (at the location of the peak of the [Fe ii] emission). At this location the Paβ profile is clearly double peaked with a similar FWZI to that of the nuclear profile. This seems to apply also to the Brγ profile but is less clear due to the lower intensity of the line.
Extinction
In order to map the NLR extinction, we used the Brγ/Paβ and [Fe ii]λ1.257/1.644 emission-line ratios to derive the average reddening of the emitting gas. Following StorchiBergmann et al. (2009) , the reddening can be obtained from the Brγ/Paβ ratio using:
where F P aβ and FBrγ are the fluxes of P aβ and Brγ emission lines, respectively. We have used the reddening law of Cardelli, Clayton & Mathis (1989) and have adopted the intrinsic ratio F P aβ /FBrγ = 5.88 corresponding to case B recombination (Osterbrock & Ferland 2006) . The resulting E(B − V ) map is shown in the left panel of Fig. 6 . This map shows that the highest E(B − V ) values reach up to 1.8 mag, and outline a structure elongated to the north of the nucleus and extending to ≈1. 0 from it. In regions away from this structure, a typical average value is E(B −V ) ≈0.8 mag.
The 
using again the reddening law of Cardelli, Clayton & Mathis (1989) . The resulting reddening map is shown in the right panel Fig. 6 , which shows values consistent with those obtained from the Brγ/Paβ line ratio, even though the [Fe II] reddening map is more extended due to the fact that the [Fe II] maps are more extended than those of Paβ and Brγ. The exception is the nucleus, where E(B − V ) [F e II] ≈ 0.6 mag is smaller than E(B − V ) Brγ/P aβ ≈ 1.8 mag. This difference could be due to contamination of the H lines, and specially of Brγ -which is not easily measurable at the nucleus -by a broad component. Alternatively, as the [Fe II] lines originate in partially ionized regions, that are farther from the source than the fully ionized regions, the average extinction probed by these lines could be smaller than that probed by the H lines. Common to both E(B-V) maps are: (1) the region of highest reddening, which is observed from the nucleus up to 1. 5 close to the N wall of the cone (or hourglass), and (2) the region at ≈2. 0 southwest of the nucleus, where the reddening values are similar in both maps. The other regions of the NLR have average E(B − V ) values of 0.6. We can compare the E(B − V ) obtained here for the NLR of NGC 1068 with those from previous works. Koski (1978) reported a value of E(B − V ) = 0.52 mag from integrated spectra within an aperture of 2. 7 × 4 , while Ho, Filippenko & Sargent (1997) obtained E(B −V ) = 0.54 mag as estimated from the Balmer decrement from observations within a similar aperture; this aperture corresponds to integrating our data over approximately half our field-of-view. These values are consistent with our average value of E(B-V)≈0.6, observed over most of the region from where we could measure it from the [Fe II] line ratio. Kraemer & Crenshaw (2000) used HST STIS spectra with a slit width of 0. 1 with the slit centered on a position 0. 14 north of the optical continuum peak oriented along PA=202
• and calculated the reddening along the slit using the He iiλλ1640, 4686 emission lines. They show that the reddening along the slit is highly variable, obtaining values in the range 0.1 E(B-V) 0.6 and estimate an average reddening of E(B-V)≈0.35 for the blueshifted emitting gas to the NE and of E(B-V)≈0.22 for the redshifted emitting gas to NE. These values are smaller than those we have obtained. Our data in the J band ([Fe ii]λ1.257) does not have the angular resolution of these HST observations, and we thus cannot sample variations on this fine scale, but our average E(B-V) values are higher than those obtained from the He ii lines. One possible explanation is that the lower-ionization species (as H ii with ionization potential IP = 13.6 eV and Fe ii with IP = 7.87 eV) we are observing originate in regions of higher extinction than those from where the the high-ionization gas emission (such as He ii, with IP = 24.6 eV) originates. Using near-IR long-slit spectra, although with ground-based ∼1 angular resolution Martins et al. (2010) and E(B − V ) = 0.26 ± 0.12 based on H and [Fe ii] lines, respectivelly. Our value of E(B − V ) estimated from the H lines for the nucleus is slightly larger than that of Martins et al. (2010) , possibly due to the uncertainties in the fitting of the Brγ emission line discussed above. Considering that our angular resolution is higher than that of Martins et al. (2010) , their value can be considered an average of our values integrated within 0. 8×1. 6 (their nuclear aperture). In summary, the reddening for the nucleus derived using near-IR H lines is higher than both those derived from H optical lines as well as from those derived from the [Fe ii] near-IR lines. Either the near-IR H lines are probing regions of higher reddening or there could be some contribution from a broad Brγ component that increases the nuclear Brγ/Paβ ratio. Outside the nucleus, the reddening values are more similar, and the average value E(B − V ) ≈ 0.6 is not that different from that derived from optical emission lines.
Ionized and molecular gas distributions
Ionized gas distributions
In Sec. 3.1 we have compared the emission-line flux distributions shown in Fig. 3 with the optical [O iii]λ5007Å flux distribution. Most ionized gas flux distributions resemble that of the [O iii]λ5007Å emission line. All knots seen in the [O iii] contour map are seen also in the Brγ and He ii flux distributions, for example. The NE side of the NLR is brighter than the SW side in all flux distributions of the ionized gas, as also observed in [O iii] , what has been attributed to the orientation of the bipolar outflow, which is in front of the galactic plane to the NE and behind the plane to the SW (Das et al. 2006) . This resemblance of the near-IR ionized gas and [O iii] flux distributions suggests a similar origin for the corresponding emission lines, which previous works have attributed to emission from the walls of a hollow bi-cone centered in the nucleus and oriented along PA= 30/210
• , as described by Das et al. (2006 Das et al. ( , 2007 iii] one, with a structure better described as a section of an hourglass or of two "bowls", one to each side of the nucleus rather than a bi-cone. This morphology is similar to that observed for some planetary nebulae (e.g. NGC 6302). In Barbosa et al. (2014) , we use a "lemniscata" geometry (similar to that of an hourglass) to model the [Fe ii] kinematics (outflow), showing that it reproduces better the flux distributions in channel maps than a bicone. We attribute the larger extent and "broader" flux distribution to the fact that the ion Fe ii is also formed in partially ionized regions, as Fe i has an ionization potential of only 7.9 eV (Worden et al. 1984 
Molecular gas flux distribution
The flux distribution in the H2 (λ2.1218 µm) emission line shows a totally different morphology from that of the ionized gas (see Fig. 3 ). The H2 emission is mostly originated in a ring with approximate major (2a) and minor (2b) axes of 3. 0 and 2. 3, respectively, measured from the bottom-left panel of Fig. 3 . The major axis of the ring is oriented approximately along the line of nodes of the galaxy, as seen from the stellar velocity field shown in Storchi-Bergmann et al. (2012) . Assuming that this ring is circular and is in the plane of the galaxy, it has a diameter of ≈ 200 pc, and we can use its apparent axes diameters to estimate its inclination relative to the plane of the sky as i = cos −1 (b/a) =≈ 40
• . This value is in approximate agreement with that of the large scale disk, derived from the extent of the major and minor axes of the galaxy quoted in NASA/IPAC Extragalactic Database (NED) 1 and in de Vaucouleurs et al. (1991) . This inclination is also similar to that derived from our modeling of the stellar velocity field in the inner 200 pc, which is i ≈ 33
• . The presence of the H2 ring had already been inferred in previous near-IR long-slit spectroscopy with the Very Large Telescope (VLT) of the inner 1. 5×3. 5 by Alloin et al. (2001) . These authors concluded that the H2 emitting gas in NGC 1068 was mainly concentrated in two knots along the East-West direction at a distance of about 70 pc from the nucleus, consistent with a location in the ring. Galliano & Alloin (2002) showed that the H2 kinematics in the inner 200 pc cannot be reproduced by a simple rotating disk and suggest an additional outflowing component. They also conclude that the H2 is originated in gas excited by X-ray irradiation from the central AGN.
The H2 flux distribution and kinematics was also recently studied by Müller Sánchez et al. (2009) using adaptive optics integral field spectroscopy with the VLT instrument SINFONI. They show a map for the H2 (2.1218µm) flux distribution over the inner 4 × 4 of NGC 1068, which is very similar to ours. They report also the detection of two prominent linear structures to the the north and south ob the nucleus observed within the inner 0. 4 between the ring and the AGN, which they attribute to emission from gas streaming towards the nucleus on highly elliptical or parabolic trajectories in the plane of the galaxy.
In millimeter wavelengths, Schinnerer et al. (2000) present a map for the 12 CO(2-1) emission, which shows that the cold molecular gas presents the same ring-like structure seen in the "warm" H2 flux distribution that we observe in the near-IR. The presence of this molecular ring is also confirmed by recent observations of emission lines from CO, HCN and HCN + (Krips et al. 2011 ). These authors show that the molecular ring is expanding outwards in the galactic plane and propose that the expansion is caused by shocks originated in the interaction of the AGN jet with the molecular gas. In Barbosa et al. (2014) we show that the kinematics of the H2 observed with NIFS is consistent with expansion in the plane, but most of the AGN outflow observed in ionized gas seems not to be co-spatial with the H2 ring. There is even some "empty space" between the ionized gas emission and the H2 ring observed towards the NW and SE, which do not support an interaction between the outflow and the ring to cause its expansion. The radio jet is much more collimated than the outflow and probably leaves the galaxy plane at the nucleus at an angle of at least 45
• , and it is hard to believe that such a narrow jet would be responsible for the expansion of the ring ≈ 100 pc away in the galaxy plane. In addition, in Storchi-Bergmann et al. (2012) , we found that there is a correlation between the spatial distribution of a young (≈ 30 Myr) stellar population and the flux distribution of H2, suggesting that the H2 expanding kinematics could be associated with supernova explosions in such a population (see discussion below).
Physical conditions of the [Fe ii] and H2
emitting regions
The origin of the H2 emission
The origin of the H2 line emission in active galaxies has been investigated in several studies. In most of them it has been concluded that the H2 emission originates in gas excited by thermal processes produced by X-ray and/or shock heating (e.g. Mazzalay et al. 2013a ). Another conclusion of these studies is that H2 emission due to fluorescent excitation (Black & van Dishoeck 1987 ) is negligible for most AGNs. Here, we have used the H2λ2.2477 µm/λ2.1218 µm line ratio to distinguish between thermal (values between 0.1 and 0.2) and fluorescent (≈0.55) excitation (Mouri 1994; Reunanen, Kotilainen & Prieto 2002; Rodríguez-Ardila et al. 2004; Rodríguez-Ardila, Riffel & Pastoriza 2005; StorchiBergmann et al. 2009 ) in the nuclear region of NGC 1068. The map for this ratio is shown in the bottom-right panel of Fig. 5 , presenting values ranging from 0.1 -typical value at most locations, to 0.45, observed only in a small region surrounding the nucleus. This map supports thermal excitation for H2 at most locations. At the nucleus, the line ratios are close to those typical of fluorescent excitation, but uncertainties in the H2λ2.2477 µm)/λ2.1218 µm line ratio are larger there, due to the small S/N ratio of the emission-line fluxes. The line ratio above can be used to estimate the H2 vibrational temperature T vib , while the line ratio H2λ2.0338 µm/λ2.2235 µm can be used to estimate the rotational temperature Trot. These temperatures have similar values for thermal excitation, while for fluorescent excitation, the rotational temperature is smaller than the vibrational temperature, because non-local UV photons overpopulate the highest energy levels compared to the population distribution expected for a Maxwell-Boltzmann distribution (eg. Riffel et al. 2008) . These temperatures can be obtained using
and
where F H 2 λ2.0338 , F H 2 λ2.2235 , F H 2 λ2.1218 and F H 2 λ2.2477 are the fluxes of the lines (Reunanen, Kotilainen & Prieto 2002) .
In Fig. 8 we present maps for the vibrational (left panel) and rotational (right panel) temperatures obtained using the equations above. The uncertainties in these maps are smaller than 100 K for most locations. It can be seen that both temperatures are approximately constant over the ring, with somewhat larger values for T vib around the nucleus. This suggests some contribution of fluorescent excitation for the H2 line emission there (e.g. Reunanen, Kotilainen & Prieto 2002; Riffel et al. 2008) .
The combined fluxes of the many H2 emission lines that could be measured in our spectra can be used to calculate the thermal excitation temperature using the following equation 
where Fi is the flux of the i th H2 line, λi is its wavelength, Ai is the spontaneous emission coefficient, gi is the statistical weight of the upper level of the transition, Ti is the energy of the level expressed as a temperature and Texc is the excitation temperature. This equation is valid only for thermal excitation, under the assumption of an ortho:para abundance ratio of 3:1.
In Fig. 4 .4.1 we present a plot of Nupp = In Storchi-Bergmann et al. (2012) we have performed spectral synthesis of the continuum and concluded that, at the ring, there is a strong contribution of a young but not ionizing, stellar population -the main component being that with age 30 Myr. Particularly conspicuous in the H2 flux distribution and in the young population contribution is the "knot" of strong H2 emission at approximately 1 E of the nucleus. This region shows a large velocity dispersion, being observed from the channel maps in blueshift centered at −130 km s −1 up to the one in redshift at 112 km s −1 and even at 172 km s −1 . One possibility to explain this high velocity dispersion is the presence of supernova remnants there, what would be compatible with the age of the stellar population. In spite of having a larger velocity dispersion than in the rest of the ring, the H2λ2.2477 µm)/λ2.1218 µm line ratio at this location does not differ from those in the remainder of the ring, supporting also thermal excitation there.
Using long-slit spectroscopy of a sample of 67 emissionline galaxies together with photoionization models, have investigated the origin of the H2 line emission and concluded also that heating by X-rays is the dominant thermal process for active galaxies. Our more detailed data suggests that this also happens in NGC 1068: the H2λ2.2477 µm/λ 2.1218 µm ratio also indicates that the H2 emission is mainly due to X-ray heating.
The origin of the [Fe ii] emission
Most of the previous studies referred to in the previous section, address also the excitation mechanisms of the near-IR [Fe ii] emission lines and in general support a larger contribution of excitation by shocks to the [Fe ii] than to the H2 excitation, based mainly on emission-line ratios. However, in Dors et al. (2012) , we showed that the [Fe ii] emission in active galaxies can also be reproduced by photoionization models which include only X-rays from the central AGN, even though a contribution from shocks cannot be discarded. On the other hand, One interesting property of the [Fe ii] emission in NGC 1068 is the fact that, within the FOV of our observations, its emission is more extended than that of [O iii] , as discussed in previous sections. As the Brγ flux distribution seems to be similar to that of [O iii] (see Fig. 3 ), we have used the channel maps of Brγ (Barbosa et al. 2014) to investigate this difference between the [O iii] and [Fe ii] emitting gas also regarding their kinematics. What can be seen in the channel maps is that there is a strong similarity between the two in the blueshift channels, although only at the highest flux levels, as the emission in the [Fe ii] map is more extended than that of Brγ. But the most striking difference is observed in the redshift channels, in which little emission is seen in Brγ to the N-NE and S-SW, while in [Fe ii] there is strong emission within the whole quadrant between N and E. Adopting the approximate geometry for the outflow proposed by Das et al. (2006) , the origin of this emission in redshift would be the back wall of the conical/houglass outflow to the NE. Actually, the hourglass shape of the outflow seen in the [Fe ii] flux distribution has an important contribution from this redshifted part of the outflow. But why there is emission from this part in [Fe ii] and not in Brγ? As pointed out by Mouri, Kawara & Taniguchi (2000) , the [Fe ii] emission is excited by electrons in a zone of partially ionized H. This zone is found around AGN because it is formed when the H ionizing photons have been already absorbed but there is heating In summary, we conclude that the [Fe ii] near-IR lines are originated from the emission of an outflowing gas excited mainly by X-rays from the central AGN, but also with a contribution from shocks associated to the radio jet to NE and SW of the nucleus.
Masses of ionized and molecular gas
We can use the fluxes of the Brγ and H2 (2.1218µm) emission lines to derive the mass of ionized and hot molecular gas in the inner ≈400×400 pc 2 of NGC 1068. The mass of ionized gas can be obtained from , (6) where D is the distance to the galaxy in cm, FBrγ is the Brγ flux, units of density are cm −3 and we have assumed an electron temperature of 10 4 K and density in the range 10 2 < Ne < 10 4 cm −3 . Integrating the Brγ flux over the NLR, we obtain FBrγ ≈ 1.6 × 10 −15 ergs −1 cm −2 resulting in MH II ≈ 2.2 × 10 4 M , for an electron density Ne = 500 cm −3 -the average Ne we have found in our previous studies Schnorr-Müller et al 2011 , 2014a .
The mass of hot molecular gas, that emits the near-IR H2 lines, can be obtained from (e.g. Scoville et al. 1982; Storchi-Bergmann et al. 2009; Riffel et al. 2008; 
where F H 2 λ2.1218 is the H2 (2.1218µm) emission-line flux, D is the distance to the galaxy and MH 2 is given in solar masses. The integrated flux of the H2 line is F H 2 λ2.1218 ≈ 2.5 × 10 −15 ergs −1 cm −2 for NGC 1068, resulting in a mass of only MH 2 ≈ 29 M .
Thus, the mass in ionized gas is about 1000 times larger than the mass in hot molecular gas in the inner 200 pc of NGC 1068. The ratio MH II/MH 2 is similar to those we have found in similar studies of other active galaxies, which ranges from 10 As pointed out in our previous studies, the H2 emission observed in the near-IR, originates from the "hot skin" of a much larger mass reservoir dominated by cold molecular gas.
Previous studies of many active galaxies, in which masses of both cold and hot molecular gas have been obtained, imply factors of 10 5 to 10 7 between the mass of cold and hot molecular gas (e.g. Dale et al. 2005; Mazzalay et al. 2013a) . Using the expression proposed by Mazzalay et al. (2013a) , that already take into account this factor, we can obtain the mass of cold molecular gas in the inner 200 pc of NGC 1068:
where L H 2 λ2.1218 is the luminosity of the H2 line and the mass is given in solar masses. Using the flux quoted above for the H2λ2.1218µm line, we obtain L H 2 λ2.1218 ≈ 6.9 × 37 erg s −1 = 1.8 × 10 4 L and thus M cold ≈ 2.1 × 10 7 M . This value is 10 6 times larger than that obtained for the mass of hot molecular gas, in agreement with the range quoted above (between 10 5 to 10 7 ) (e.g. Dale et al. 2005; Mazzalay et al. 2013a; Riffel, StorchiBergmann & Winge 2013) .
FINAL REMARKS
We have mapped the emitting gas flux distributions, reddening and excitation of the inner ≈ 200 pc of NGC 1068, at a spatial resolution of ≈10 pc using near-IR adaptive optics integral field spectroscopy obtained at Gemini with the instrument NIFS. The main conclusions of this paper are:
• The emitting H2 and ionized gases have completely different flux distributions. The first is observed in a circumnuclear ring in the plane of the galaxy with radius 75 pc and the latter trace the bipolar outflows previously observed in the optical;
• The comparison of line-ratio maps with the values predicted by different excitation models shows that most of the H2 line emission is excited by thermal processes, mainly due to heating of the gas by X-rays from the central AGN to an excitation temperature of 2200 K;
• The flux distribution in the H emission lines, such as Brγ, follows that observed in the optical [O iii] emission, previously described as having a bipolar cone-shaped structure; the [Fe ii] flux distribution is nevertheless more extended and shows an hourglass structure, broader than a cone and similar to that seen in planetary nebulae such as NGC 6302;
• The broader and more extended flux distribution in the [Fe ii] emission lines is attributed to the fact that the it originates in a partially ionized region, that extends beyond the fully ionized region and is excited mainly by X-rays from the central AGN, with some contribution from shocks to NE and SW of the nucleus along the bicone axis. Shock excitation is supported by the enhancement in the [Fe ii](1.2570 µm)/[P ii](1.1885 µm) and [Fe ii](1.2570 µm)/Paβ emission-line ratios, and is attributed to the passage of the radio jet through the NLR;
• Reddening maps for the NLR were obtained from H and [Fe ii] emission-line ratios, presenting values in the range 0 E(B − V ) 2, but with an average value of 0.6, observed at most locations; the highest reddening values are observed at ≈ 0. 8 north of the nucleus;
• The mass of of ionized gas in the inner ≈ 200 × 200 pc 2 of NGC 1068 is MH II ≈ 2.2 × 10 4 M , while the mass of the H2 emitting gas (hot molecular gas) is only MH 2 ≈ 29 M . Considering the average factor between the masses of cold and hot molecular gas observed for AGN in general, the total (dominated by the cold) H2 mass is estimated to be M ≈ 2 × 10 7 M .
